ACCORDING to the classical hypothesis of Starling (1896) the exchange of water and small lipid-insoluble molecules across the capillary membrane is largely governed by the balance between hydrostatic and colloid osmotic pressures, the existence of the latter being dependent upon relative impermeability of the capillary membrane to plasma proteins. Star- ling's concept has been verified by direct experimental measurements (Landis, 1927;  Pappenheimer and Soto-Rivera, 1948) and its essential features are no longer in dispute. In recent years, however, attention has been drawn to the fact that considerable quantities of plasma proteins pass through the capillary walls. Drinker and Field 1(1931) collected lymph from the cervical, leg and renal lymphatics, as well as from the thoracic duct, and found considerable concentrations of protein in all samples; they concluded that "the capillaries practically universally leak protein" and that this protein can only return to the blood stream via the lymphatic system. This concept of a continuous exchange of plasma proteins between plasma and extravascular compartments has been confirmed repeatedly with radioactively labelled plasma proteins (e.g., Wasserman and Mayerson, 1951; Yoffey and Courtice, 1956 ). 13I-labelled albumin turnover studies in the human subject indicate an overall exchange rate between intra-and extravascular pools of 117-234% (mean 140%) of the total plasma albumin per day; and the total amount of albumin in the extravascular pool is greater than that in plasma (Cohen, Freeman and McFarlane, 1961) . Leakage of plasma proteins may be of importance in that it enables antibodies to reach the tissues, and certain hormones such as insulin to exert their direct effect on the tissues (Hechter and Lester, 1960) . Other hormones (e.g., thyroxine and cortisol) are partly bound by plasma proteins, and many drugs are known to be bound by plasma albumin. There is also evidence that the presence of plasma proteins in the interstitial fluid plays a part in the maintenance of normal tissue electrolyte content (Carey and Conway, 1954; Creese and Northover, 1961) and that the large extravascular reserve of plasma protein is drawn upon when protein is rapidly removed from the blood stream (Wasserman, Joseph and Mayerson, 1956; Cope and Litwin, 1962) .
In this article the mechanism of protein leakage through capillary walls, the methods available for measuring the leakage, and the factors that control it will be reviewed.
Theoretical Considerations
The permeability of a membrane is difficult to define. Landis (1946) Yoffey and Courtice, 1956; Landis and Pappenheimer, 1963 (Grotte, 1956; Areskog, Artusan, Grotte and Wallenius, 1964) . Results similar to those obtained by Grotte (1956) The Anatomical Basis of Capillary Permeability During the last decade, the electron microscope has revealed striking regional variations in the structure of capillaries (see Bennett, Luft and Hampton, 1959 Palade (1953) that this system of vesicles and caveolae might act as a transport mechanism, the caveolae being nipped off to form vesicles and the vesicles discharging their contents on the outer surface of the endothelial cell after they had migrated across the endothelial cell cytoplasm. This method of transport was referred to as pinocytosis by Palade Menkin, 1940; Miles and Miles, 1952) . Dye containing 3ZBr may also be used (Cope and Moore, 1944) and vascular permeability in normal and oedematous brain tissue has been investigated with fluorescein-labelled proteins (Klatzo, Miquel, and Otenasek, 1963 (Miles and Miles, 1952 Leigh, 1934; Drinker and Yoffey, 1914 Squire, Hardwicke and Soothill, 1962) ; similar methods may be used in analysing tissue fluids. The development of gel-filtration techniques, using 'Sephadex' (Porath and Flodin, 1959 and Flodin, 1962) (Grotte, 1956; Areskog and others, 1964) . Dextran fractions of sufficiently uniform molecular size for studies of this nature are difficult to prepare, and the methods used by these authors for estimating the molecular size and concentrations of dextrans in the biological fluids are tedious. Recently, Brooks, Davies, Graber and Ricketts (1960) have succeeded in labelling dextran with radio-iodide, thus enabling small quantities to be measured accurately; while gel-filtration techniques, using 'Sephadex', allow the distribution of molecular sizes present to be determined. These recent developments eliminate the need to prepare dextran fractions of 'narrow' molecular weight distribution and enable more precise work to be done with dextran (Hardwicke, Hulme, Jones and Ricketts, 1964 Majno and Palade (1961) . Peptides 'Leukotaxine' Menkin (1956) , Duthie and Chain (1939) , Cullumbine and Rydon (1946) , Spector (1951 Holdstock, Mathias and Schachter (1957) . Angiotensin Giese (1964) .
Proteins
Permeability Factor (Dilution) Wilhelm, Mackay (1955), Mill, Elder, Miles and , Stewart and Bliss (1957) .
Permeability Factor (Age). Miles and Wilhelm (1955) .
Permeability Factor (Native) . Permeability Factor formed by Mill (1964 (1940) . Masson, Plahl, Corcoran and Page (1953) , Asscher and Anson (1963 a and b) , Giese (1963) .
solid spherical particles (radius 300-700 A) of methylmethacrylate, marked with a fluorescent dye, to determine the maximum particle-size that can cross the 'blood-lymph barrier' at different sites in the body.
It is evident that there is no satisfactory method of measuring capillary permeability in normal subjects. Apparently satisfactory techniques of collecting normal extracellular fluid have been described in animals (Creese, D'Silva and Shaw, 1962) The factors which account for changes in capillary permeability have been studied mainly in relation to the inflammatory reaction. This subject has been extensively reviewed by Spector (1958) . An embarrassingly large number of substances have been described that could produce the increase in capillary permeability which is observed in the inflammatory reaction. The accompanying table lists the naturally occurring substances known to increase vascular permeability to plasma proteins. It is difficult to prove that any of these substances are involved in the inflammatory reaction. Some light has been cast on the problem by Sevitt (1957) who showed that the reaction to injury is a double phenomenon. An immediate increase in capillary permeability lasting for less than 10 minutes (which can be suppressed by antihistaminics) is followed by a delayed increase in permeability which begins about one hour after injury and which is unaffected by antihistaminics. Spector and Willoughby (1959) clearly demonstrated the participation of histamine in the early stages of inflammation by showing that previous body depletion of histamine by administration of compound 48/80 (a powerful histamine liberator) delayed the onset of increased capillary permeability caused in rats by the intrapleural injection of turpentine.
There is some evidence from the work of Spector (1956) and Spector and Willoughby (1960) Zweifach (1953) who studied the effect of histamine on the capillaries of the mesoappendix of the rat. Majno and Palade (1961) showed that under the influence of histamine and 5-hydroxytryptamine, large gaps appeared between the endothelial cells through which mercuric sulphide particles rapidly escaped. These findings support the view that the increase in vascular permeability produced by histamine and 5-hydroxytryptamine might be due to contraction of endothelial cells. This may not be the sole mechanism whereby these substances act. Thus, Alksne (1959) showed that histamine produced increased pinocytotic activity in the endothelial cells. Moreover, histamine produces dilatation of terminal arterioles which raises hydrostatic pressure and increases capillary -filtration of proteins. The dilatation of the terminal arterioles may also increase the number of perfused capillaries and so enlarge the surface area available for transfer of plasma proteins.
The mode of action of angiotensin on vascular permeability has recently been studied by Giese (1964) . He showed that angiotensin infusion in the rat produced an alternating pattern of constriction and dilatation in the mesenteric arteries similar to that observed by Byrom (1954) in severe experimental hypertension. He noted that carbon particles were invariably deposited in the dilated segments. The 'stretched pore' phenomenon might, therefore, be involved in producing the increase in permeability. Alternatively, the increase in permeability might be due to anoxia consequent on the arterial constrictions since anoxia is known to increase vascular permeability to plasma proteins (Landis and others, 1932) and it is also known to produce intracellular fenestrations (Luft and Hechter, 1957 Yoffey and Courtice, 1956; Florey, 1962) or irradiation (Wish, Furth, Sheppard and Storey, 1952) . Similarly, there is little doubt regarding the significance of increased vascular permeability in the pathogenesis of allergic oedema (Florey, 1962) , or of increased glomerular permeability in the pathogenesis of the nephrotic syndrome (Squire, Hardwicke and Soothill, 1963) . Increased permeability to proteins has also been postulated in post-decompression shock (Brunner, Frick and Biihlmann, 1964) and in high-altitude pulmonary oedema (Singh, Kapila, Khanna, Nanda and Rao, 1965) , while profound changes in capillary permeability have been demonstrated in occasional cases of idiopathic oedema (Clarkson, Thompson, Horwith and Lucky, 1960; Weinbren, 1963) .
In other conditions, increased capillary permeability is more doubtful. Some authors have postulated a generalized increase in capillary permeability in acute glomerulo-nephritis, but Warren and Stead (1944) found the protein content of the oedema fluid to be no higher than in cardiac failure, and the periorbital distribution of oedema may be explained on other grounds (Burch, 1940) . Excessive protein leakage has also been reported by several authors in the later stages of normal pregnancy, and in toxemia of pregnancy. (Szontagh, 1949 and Herold, 1950; Burger, 1951; Herold and Brautigam, 1955; Friedberg and Lutz, 1963) . Schurmann and MacMahon (1933) postulated that leakage of plasma proteins into the medial muscle coat of arteries was responsible for the appearance of fibrinoid necrosis in hypertensive disease. Some support for this view was obtained by Asscher and Anson (1963a) who showed that renal cortical extract induced both leakage of plasma proteins and fibrinoid necrosis when injected into nephrectomized and renal-hypertensive rats. Since fibrinoid necrosis is commonly considered to be the histological hallmark of malignant hypertension, it is possible that the transition from the benign to the malignant phase is determined by a change in endothelial permeability to plasma proteins. These few examples are intended to illustrate both the variety of disorders which may be associated with alterations in vascular permeability, and the paucity of information availale. The methods used in many instances do not allow anything other than tentative conclusions to be drawn, and it is clear that further progress in this field must await the develop-
